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INVERTER 
TECHNICAL FIELD 

Th.e present invention relates to' a method and 
apparatus for supplying current to an alternating 
current apparatus in a vehicle. In particular, the >. 
present invention relates to a method and an apparatus ft 
for supplying current to an alternating current § 
apparatus in a vehicle in such a way that the supply of 
current to other electronics is guaranteed. 



BACKGROUND ART 



In order to generate alternating current for 
alternating current applications in the vessel, a DC /AC 
transducer, or inverter, ' is used to convert- the direct 
current voltage of the battery to an alternating 
current voltage of a certain frequency. 



Alternating current applications, for example 
alternating current motors with large starting torque, 
can require a lot of current. Such an application can, 
35 for example, be a compressor in a refrigeration system. 
When the alternating current motor is started, large 
starting currents are required. A single-phase 
alternating current motor can have a current 
requirement when it starts that is four to eight times 
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15 The generation of current in vessels is normally ' fr- 
carried out using a generator connected to a battery. ££} 
The generator is driven by the vessel's combustion 
motor and charges the battery. During operation of the 
vessel, there is a continual charging of the battery, 

2 0 while at the same time power is provided for the 
vessel's electronics.. When the combustion motor is 
switched off, the battery, which has a limited amount 
of available power, is used to provide current for the 
electronics . 



the cur-rent requirement in normal operation. This 
creates a number of problems . 

For example, the starting current requirement must be 
taken into account when selecting the inverter . A 
standard inverter which can drive a motor of 1 kW, that 
is which is rated at 1 kW y will not manage to start an 
alternating current motor with high starting torque. It 
may be the case that an inverter rated at 2 kW is 
required in order to start the motor, which in turn 
means that an unnecessarily large and expensive 
inverter is used during normal operation when the 
alternating current motor draws normal current. 

Another problem is that the high starting currents can 
jeopardize the other electronics in the vessel, which 
are electronics that can be vital for being able to 
operate the vessel in a safe way. That is to say, if 
the alternating current application draws too . large 
currents, the voltage across the battery can drop so 
that other electronics can not be supplied with 
current. This is, of course, a situation that must not 
arise. 

WO 01/89070 describes a circuit in a vehicle. When the 
battery voltage drops below a certain level , the 
circuit increases the voltage up to the voltage 
required by the load. 

DISCLOSURE OF ItJVENTION 

The principal object of the present invention is thus 
to provide a method and an apparatus that solve or at 
least reduce the abovementioned problems „ 

A particular object of the present invention is to 
provide a method and an apparatus that provide a cost- 
effective and safe power supply for an alternating 
current apparatus in a vehicle. 



A 4 ; particular object of the present invention is to 
provide a. method and an apparatus . that enable an 
apparatus in a vehicle, which apparatus is connected 
via a DC /AC transducer to a battery which is charged by 
a generator and which apparatus requires a larger 
starting current than the .running current, to be 
started in a safe way and operated without the function 
of other electronics that are' connected to the battery 
being jeopardized. 

The abovementioned objects are achieved according to a 
first aspect of the present invention by an inverter 
for converting direct current voltage to alternating 
current voltage. The inverter conprises a first input 
arranged to be connected to the ordinary current supply 
system of a vessel, where the current supply system 
comprises a generator connected to a battery and an 
output arranged to be connected to an alternating 
current motor, where, for at least a period of time, 
the alternating current motor requires a first torcjue Mi 
in order to rotate. 

The inverter comprises, in addition, a regulating 
circuit arranged to measure a charging current from the 
generator to the battery and to measure the voltage 
level in the battery. The regulating circuit is, in 
addition, arranged to permit a certain output current 
from the vessel's ordinary current supply system to* the 
inverter which is higher than the charging current, in 
a first operating mode. The regulating circuit is, in 
addition, arranged to limit the output current while 
maintaining the torcjue for the alternating current 
motor, in a second operating mode. 

The abovementioned objects are achieved according to a 
second aspect of the present invention 'by a method for 
supplying current to an apparatus in a vehicle which 
has an ' ordinary current supply system. The ordinary 



•current- supply system conprises' a battery which is 
.charged by a generator, and the- vehi cle comprises, in 
addition, .an inverter that has an input connected to 
the. ordinary - current supply system and an output 
5 connected to the apparatus in order to supply the 
apparatus with an alternating current. 

The method comprises measuring a charging current from 
the generator to the battery, permitting an output 

10 current from the ordinary current supply system to the 
inverter in a first operating mode for supplying 
current to the apparatus, ' and limiting the output 
current from the ordinary current supply system to the 
inverter in a second operating mode, while maintaining 

15 the torgue for the apparatus. 

Advantageous alternatives and embodiments of the 
present invention are provided by methods and 
apparatuses according to the attached subsidiary 
20 claims. 

According to a preferred embodiment of the present 
invention, the regulating circuit is arranged to assume 
a first operating mode if said battery voltage is above 
25 a limit value for the battery voltage, and a second 
operating mode when the battery voltage is below the 
limit value for the battery voltage, in order thereby 
to prevent the battery" voltage from dropping still 
further. 

30 

By limiting the output current when the battery voltage 
drops below a certain level, the function of other 
electronics connected to the ordinary current supply 
system is guaranteed. 

35 

According to a preferred embodiment of the present 
invention, the inverter comprises a second input on 
which a signal can be applied, with the regulating 
circuit' being arranged to assume the first operating 



mode when the signal assumes a first value and the 
second operating mode when the signal assumes a second 
value . 

By limiting the current output .in response to an 
external signal, the power consumption of the 
alternating current motor can be controlled and hence 
the energy consumption can be controlled. If the 
alternating current motor drives, for example, a 
compressor for a refrigeration unit, the temperature ' in 
the refrigeration unit can be controlled . 

According to a preferred embodiment of the present 
invention, the inverter comprises a second input on 
which a signal can be applied, with the regulating 
circuit being arranged to assume the first operating 
mode when the signal assumes a first . value and the 
second operating mode when the signal assumes a second 
value. In addition, the regulating circuit is arranged 
to assume the first operating mode only if the battery 
voltage is above a limit value for the battery voltage. 

By this means, the function of other electronics 
connected to the ordinary current supply system is 
guaranteed, while at the same time external control of 
the inverter is made possible. 

According to a preferred embodiment of the present 
invention, the signal on the second input can assume a. 
number of values, with the signal value being 
proportional to a maximal output current level to which 
the regulating circuit limits the output current. 

By this means, a stepless or stepped control is 
achieved of the power that is to be supplied to the 
alternating current motor* 

According to a preferred embodiment of the present 
invention, the limiting of the output current is 



; carried out by reducing the voltage and the frequency 
; applied to the alternating current " motor in such a way 
that the ratio between the voltage and the frequency 
remains constant, while the current to the alternating 
current motor .remains constant. 

By this .means, the power supplied to said alternating 
current motor is reduced without the torque being 
reduced. As a result of the power that is supplied to 
the alternating current motor being reduced, the output 
current which is taken from the ordinary current supply 
system to the inverter will also be reduced. 

According to a preferred embodiment of the present 
invention, the regulating circuit is arranged to 
measure the current output from the vessel ' s or<±Lnary 
current supply system, and to limit the current output 
from said vessel's ordinary current supply system to a 
limit value for the output current if the current 
output exceeds the limit value for the output current. 

According to a preferred embodiment of the " present 
invention, the regulating circuit measures the current 
output by measuring the magnetic field using a Hall 
element. 

By measuring the current output and limiting the 
current output, a safety function is achieved so that 
the supply of current to other electronics can still be 
carried out. The ' limiting of the current output is 
suitably carried out by reducing the voltage and the 
frequency to the alternating current motor, while 
retaining the V/f ratio, while the current to the 
alternating current motor remains constant. 

According to a preferred embodiment of the present 
invention, the battery voltage is measured at said 
battery. 



If the battery voltage is measured at the battery 
rather than at the input of the inverter, a better 
measurement value for the battery voltage is obtained, 
as a certain drop in voltage will unavoidably have 
occurred at the input of the inverter. 

According to a preferred embodiment of the present 
invention, the output current is measured by measuring 
the rotational speed of said generator, for example by 
measuring the ripple on said battery voltage. 

The nominal battery voltage can be, for example, 12 V, 
24 V, 48 V, etc. The nominal alternating current 
voltage and frequency for the alternating current motor 
can, for example, be 230 V 50 Hz, which gives a V/f 
ratio of 4.6, but other values are, of course, 
possible . 

Additional characteristics of the invention and 
advantages thereof will be apparent from the following 
detailed description of embodiments according to the 
invention. 

BRIEF DESCRIPTION OF DRAWINGS 



The present invention will be better understood from 
the following detailed description of preferred 
embodiments according to the present invention and the 
attached Figures 1 to 4, which are only intended to 
illustrate the preferred embodiments and do not 
restrict the present invention. 

Figure 1 shows schematically a preferred embodiment 
according to the present invention. 



Figure 2 • shows schematically an additional preferred 
embodiment according to' the present invention, a sensor 
for detecting the charging current and a sensor for 
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detecting .the battery voltage at the poles of the 
battery . 

Figure 3 is a schematic flow chart of a preferred 
5 embodiment according to the present invention-. 

Figure 4 is a schematic flow chart of a preferred 
embodiment according to the present invention in which 
an input signal indicates voltage, current and 
10 frequency of a load. 

MODE(S) FOR CARRYING OUT THE INVENTION 

In the following description, specific techniques and 
15 applications are described for the purpose of providing 
a basic understanding . of the present invention. 
However, it will be obvious to experts in the field 
that the present invention can be implemented in other 
embodiments that differ from "what is described here in 
20 detail. In other cases, detailed descriptions of well- 
known methods and apparatuses have been omitted in 
order not to complicate the description of the present 
invention with unnecessary components . 

25 A motor from a manufacturer is optimized to be able to 
produce a specific torque at a specific voltage and a 
specific frequency. The torque is directly linked to 
the magnetic flow in the stator, the static -windings in 
the motor and in the rotor t the rotating part of the 

3 0 motor. The flow in the motor is a function of the ratio 
between the measured voltage and frequency. That is, 
the ratio between voltage and frequency, hereafter 
called the V/f ratio, is to be constant in order to 
maintain the optimized performance of the motor, that 

35 .is flow and hence torque. What happens in practice is 
that, with a lower applied V/f ratio, the power to the 
load is reduced. 



- 9 - 



The problem affecting the motor that can arise in the 
event of adjusting the V/f ratio is that the 
refrigeration is insufficient as the motor is rotating 
at a lower speed while, at the same time, the same 
5 current is being drawn as for a full load. That is, the 
resistive losses in the motor will be equally large at 
low motor- speed as at high motor speed, it should, 
however, be pointed out that this is a manageable 
problem and usually does not cause any great problems, 
10 provided there is awareness of the control principle 
when designing the system. 

To sum up, it is the case that, with V/f ratio 
adjustment, the voltage to the load is reduced, while 
15 the current remains the same size, or drops to' a lower 
level. This means that the generated output power is 
reduced; while the. load torque remains the same. The 
disadvantage can be problems relating to refrigeration 
characteristics and lubrication in the application. 

20 

Figure 1 shows schematically a preferred embodiment of 
the present invention where a generator 102 is 
connected to a battery 103 which consists schematically 
of a vessel's ordinary current supply system 101. Other 
25 electronics (not shown) are also connected to the 
current supply system 101. A DC to AC transducer, also 
called an inverter, 104 is connected to the ordinary 
current supply system 101 via an input 105.- An output 
106 from the inverter 104 is connected to an 
30 alternating current load 107, for example an 
alternating current motor. The inverter 104 also 
comprises a regulating circuit 110 which controls the 
voltage, the current and the frequency that are applied 
to the alternating current load 107. 

35 

A current sensor 108 that detects the charging current 
from the generator 102 'to the battery 103 is connected 
to the regulating circuit 110. Tlie inverter 104 also 
comprises an internal current and voltage sensor 109 
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which measures the current -and the voltage that enter 
fclie inverter 104 at the input 105 which is connected, to 
the regulating circuit 110. 

5 When the' alternating current load 107 is started, the 
load 107 will draw considerably more current than 
during normal operation. . An increased current 
consumption of four to eight times is not abnormal . . The 
regulating circuit 110 monitors the current consumption 

10 from the current supply system 101 and, if the current 
consumption is larger than a certain limit- value, the 
regulating circuit 110 limits the voltage and the 
frequency to the load 107 so that the current output 
from the current supply system 101 remains below the 

15 limit value. This is a quick safety function which 
guarantees that no extreme and sudden current peaks 
interfere with the current supply system 101 or the 
inverter 104 . 

20 The "regulating circuit also monitors' the charging 
current from the generator 102 to the battery 103 via a 
current sensor 108. The regulating circuit permits the 
output current from the ordinary current supply system 
101 to the inverter 104 to be larger than the charging 

25 current for a certain period of time. This will mean 
that the battery 103 is slowly discharged. When the 
voltage in the battery 103/ which is monitored by a 
sensor 109, reaches a limit value for the minimum 
battery voltage, the regulating circuit reduces the 

30 voltage and the * frequency to the load 107 while 
retaining the same ratio, while at the same time the 
current to the load 107 is kept constant. By this 
means, the current output from the ordinary current 
supply system 101 is reduced, while at the same time 

35 the torque to the load 107 is maintained. The 
regulating circuit 110 reduces the voltage and the 
frequency until the output current is the same size as 
or smaller than the charging current. The battery 103 
will then no longer be discharged and the function of 



♦other electronics connected to the ordinary current 
jsuppiy system is guaranteed, 

figure 2 shows schematically a preferred embodiment 
according to the present invention where additional 
sensors are introduced in comparison to the embodiment 
described in association with Figure 1. The same 
components have been given the same reference numerals 
in Figure 2 as in Figure 1. 

A generator rotational speed sensor 201 measures the 
rotational speed of the generator 102 by measuring the 
ripple frequency of the battery supply voltage. 
Alternatively, the rotational speed of the generator, is 
obtained from the vessel's rotational speed monitor. 
The rotational speed of the generator provides a 
measurement of the available' power" in the ordinary 
current supply system and can be used for controlling . 
the power that is applied to the load 107. 

A voltage sensor 2 02 arranged on the battery 103 
measures the battery voltage and is connected to the 
regulating circuit 110 . By measuring the voltage in the 
battery 103 at the battery poles, rather than at ■ the 
input 105 of the inverter 104 , a better value is 
obtained for the battery voltage . This is the case as 
there is a drop in voltage between the battery 102 and 
the input 105 . _ 

In the present embodiment, the ' inverter 104 also 
comprises a second input arranged to receive a signal 
for controlling the regulation function, that is the 
voltage, frequency and current applied to the load 107. 
In the present embodiment, the control comes from the 
load 107, which, for example, can be a refrigeration 
system comprising a compressor for refrigeration, with 
the control from the refrigeration system to the 
regulating circuit regulating the refrigeration power. 



In addition, there is undervoltage protection in the 
inverter 104 , which prevents the load 107 from being 
started if the battery voltage is below a certain 
level. There is also overvoltage protection in the 
5 inverter 104, which protects the inverter 104 against 
abnormally high charging voltages at the input 1.05 . 
Thermal protection is also implemented, which protects 
the inverter 104 against overheating, and polarity 
protection which protects against connection with 
10 incorrect polarity. 

It will be obvious to experts in the field that all the 
controls and sensors that have been described in the 
same embodiment in association with Figure 2 can be 
15 implemented together in any combination or 
individually. For example, the generator rotational 
speed measurement by the sensor 201 can replace the 
measurement of the charging current by the - sensor 104. 

2 0 Figure 3 shows a schematic flow chart according to a 

preferred embodiment of the present invention. It is 
first checked in step 301 whether the output current 
from the ordinary current supply system 101 is larger 
than the charging current. If this is not the case, no 
25 further measures need to be taken concerning the 
regulation of the voltage, frequency and current to the 
load 107 • Otherwise, it is checked in step 3 02 whether 
the output current is larger than a maximal current 
output, and if such is the case, the ratio voltage 

3 0 divided by frequency (V/f) that is applied to the load 

is adjusted downward in step 3 03, while retaining the 
strength of the current. If the current output is not 
larger than the maximal current output, it is checked 
in step 304 whether the battery voltage is too low. In 
35 order to obtain a reliable and stable value for the 
battery voltage, the measurements are integrated over a 
certain period of time/ for example one minute. If the 
battery voltage is too low, the V/f ratio is adjusted 



'downward in step 3 03, so that the output current does 
>i6't exceed the charging current. 

Figure 4 shows a schematic flow chart of a preferred 
embodiment of the present invention. . The same 
components in Figure 4 as in Figure 3 have been given 
the same reference numerals . 

In the embodiment according to Figure 4, the inverter 
104 receives an input signal on a second input that 
indicates which values are to be applied to the load 
107 relating to voltage, current and frequency. Xn step 

401, the value of the input signal is read and, in step 

402, values for voltage (V), current " '(I) and frequency 
(f ) that are applied on the load 107 are set to the 
values that were given in the input signal. Thereafter, 
the signal is regulated according to the same 
principles as given in association with Figure . 3 . By 
this means, it is guaranteed' that incorrect values of 
the input signal do not mean that the function, of the 
vessel's electronics is jeopardized- 

It is obvious that the present invention can be varied 
in many different ways. Such variations are not to be 
perceived as deviating from the scope of the present 
invention. All such modifications that are obvio-us to 
experts in the field are intended to be included within 
the scope of the attached claims. 
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